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Introduction Introduction
Floods are the leading cause of natural disaster deaths worldwide and were responsible for 6.8 million deaths in the 20th century. Asia is the most flood-affected region, accounting for nearly 50% of flood-related fatalities in the last quarter of the 20th century 1 , 2 , 3 . The Center for Research on the Epidemiology of Disasters (CRED) defines a flood as "a significant rise of water level in a stream, lake, reservoir or coastal region" 4 . More colloquially, flooding is the "presence of water in areas that are usually dry" 1 . The events and factors that precipitate flood events are diverse, multifaceted, and interrelated. Weather factors include heavy or sustained precipitation, snowmelts, or storm surges from cyclones whereas important human factors include structural failures of dams and levies, alteration of absorptive land cover with impervious surfaces and inadequate drainage systems. Geographic regions such as coastal areas, river basins and lakeshores are particularly at risk from storms or cyclones that generate high winds and storm surge 5 . Environmental/physical land features including soil type, the presence of vegetation, and other drainage basin characteristics also influence flood outcomes 6 . Floods transpire on varying timelines, ranging from flash floods with little warning to those that evolve over days or weeks (riverine). Flash floods, characterized by high-velocity flows and short warning times have the highest average mortality rates per event and are responsible for the majority of flood deaths in developed countries 1 , 3 , 7 . In contrast, riverine floods which are caused by gradual accumulation of heavy rainfall are less likely to cause mortality because of sufficient time for warning and evacuation. Occasionally floods are associated with secondary hazards such as mudslides in mountainous areas.
Introduction
Recent accelerations in population growth and changes in land use patterns have increased human vulnerability to floods. Harmful impacts of floods include direct mortality and morbidity and indirect displacement and widespread damage of crops, infrastructure and property. Immediate causes of death in floods include drowning and trauma or injury 1 , 8 . Over an extended time period, there may also be increased mortality due to infectious disease 1 , 9 , 10 , 11 . The risks posed by future flood events are significant given population growth, proximities of populations to coastlines, expanded development of coastal areas and flood plains, environmental degradation and climate change 12 . The objectives of this review were to describe the impact of floods on the human population, in terms of mortality, injury, and displacement and to identify risk factors associated with these outcomes. This is one of five reviews on the human impact of natural disasters, the others being volcanoes, cyclones, tsunamis, and earthquakes.
Methods
Data on the impact of flood events were compiled using two methods, a historical review of flood events and a systematic literature review for publications relating to the human impacts of flooding with a focus on mortality, injury, and displacement.
Historical Event Review
A historical database of significant floods occurring from 1980 to 2009 was created from publicly available data.
Multiple data sources were sought to ensure a complete listing of events, to allow for both human and geophysical factors to be included, and to facilitate cross checking of information between sources. The two primary data sources were CRED International Disaster Database (EM-DAT) 4 and the Dartmouth Flood Observatory (DFO) Global Archive of Large Flood Events database 13 . For inclusion in the EM-DAT database, one or more of the following criteria must be fulfilled: 10 or more people killed or injured; 100 people affected; declaration of a state of emergency; or a call for international assistance. The DFO database provides a comprehensive list of flood events recorded by news, governmental, instrumental, and remote sensing sources from 1985 to 2009. Inclusion criteria are: significant damage to structures or agriculture, long intervals since the last similar event, or fatalities. Flooding specifically related to hurricane storm surge and tsunamis were excluded.
Event lists from both databases were downloaded in July 2007 and merged to create a single database; the database was updated in August 2009. The EM-DAT and DFO databases included 2,678 and 2,910 events, reported, respectively, between 1980 and 2009. Both EM-DAT and DFO reported the date and location of the event, the affected region and the number dead. In addition, the number affected, homeless, and total affected (sum of injured, homeless, and affected) were reported by EM-DAT. DFO also reported the number displaced, duration of the event (days), and 'flood magnitude.' Flood magnitude is a composite score of flood severity developed by DFO that encompasses damage level, recurrence interval, duration of the flood in days and the area affected 13 . For flood impacts reported by EM-DAT, zeroes were treated as missing values because they were used as placeholders and their inclusion in the analysis could contribute to the under estimation of tsunami impacts. The final list included 2,678 events reported by EM-DAT and 2,910 reported by DFO; 1,496 events were reported by both sources yielding a total of 4,093 flood events affecting human populations. See http://www.jhsph.edu/refugee/natural_disasters/_Historical_Event_Review_Overview.html for the database of flood events.
To assess risk factors for flood-related mortality the following categories were used: no deaths (0 deaths), low
(1-9 deaths), medium (10-49 deaths) and high (≥50 deaths). Bivariate tests for associations between flood mortality and the following characteristics were performed using χ 2 (categorical measures) and ANOVA (continuous measures): decade, region (defined by the World Health Organization (WHO)), income level (World Bank), gross domestic product (GDP), GINI (measure of income inequality), and flood magnitude. All covariates, with the exception of GINI, which was not strongly associated with flood mortality in adjusted analyses, and GDP, which was highly correlated with per capita World Bank income level, were included in the final multinomial logistic regression model to assess the relative risk of mortality at a given level as compared to events with no deaths. All analyses were performed using Stata Statistical Software, Version 11.0 14 .
Systematic Literature Review
Key word searches in MEDLINE (Ovid Technologies, humans), EMBASE (Elsevier, B.V., humans), SCOPUS (Elsevier B.V., humans), and Web of Knowledge, Web of Science (Thomson Reuters) were performed to identify articles published in July 2007 or earlier that described natural hazards and their impact on human populations.
One search was done for all the five natural hazards described in this set of papers. This paper describes the results for cyclones. The systematic review is reported according to the PRISMA guidelines. Key words used to search for natural hazards includednatural hazard(s), natural disaster(s), volcano(s), volcanic, volcanic eruption, seismic event, earthquake(s), cyclone(s), typhoon(s), hurricane(s), tropical storm(s), flood(s), flooding, mudslide(s), tsunami(s), and tidal wave(s). Key words included for impact on human populations were affected, damage(d), injury, injuries, injured, displaced, displacement, refugees, homeless, wounded, wound(s), death(s), mortality, casualty, casualties, killed, died, fatality, fatalities and had to be used in either the title, abstract or as a subject heading/key word. The search resulted in 2,747 articles from MEDLINE, 3,763 articles from EMBASE, 5,219 articles from SCOPUS, and 2,285 articles from ISI Web of Knowledge. Results from the four databases were combined and duplicates were excluded to yield a total of 9,958 articles.
A multi-stage screening process was used. First, title screening was performed to identify articles that were unrelated to natural disasters or human populations. Each title was screened by two independent reviewers and was retained if either or both reviewers established that inclusion criteria were met. To ensure consistent interpretation of inclusion criteria, percent agreement was assessed across reviewers for a small sample of articles, and title screening began after 80% agreement on inclusion was achieved. A total of 4,873 articles were retained for abstract review. Articles that met one or more of the following criteria were excluded in the abstract screening: language other than English; editorial or opinion letter without research-based findings;
the last similar event, or fatalities. Flooding specifically related to hurricane storm surge and tsunamis were excluded.
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Fig. 1: Overview of the systematic literature review process for floods
Following the systematic review, a search was conducted to identify relevant articles published after the initial search up to October 2012. This search identified seven additional articles, including three articles with primary data that underwent full review and four review articles. Summaries of abstracted (n=21) and review articles (n=15) are presented in Tables 1 and 2 , respectively. Following the systematic review, a search was conducted to identify relevant articles published after the initial search up to October 2012. This search identified seven additional articles, including three articles with primary data that underwent full review and four review articles. Summaries of abstracted (n=21) and review articles (n=15) are presented in Tables 1 and 2 , respectively. Following the systematic review, a search was conducted to identify relevant articles published after the initial search up to October 2012. This search identified seven additional articles, including three articles with primary data that underwent full review and four review articles. Summaries of abstracted (n=21) and review articles (n=15) are presented in Tables 1 and 2 , respectively. More than 1,200 flood deaths in the United States during the review period with a concentrated in a few large events. 14 major river systems were linked to flood deaths; damage can be mitigated through reforestation, construction of reservoirs and flood walls, diversion, and improved early warning and forecasting systems.
French et al., 198345
Review of National Weather Service flash floods reports from 1969 to 1981 to assess mortality effects of warning systems
Floods were the primary cause of weather-related deaths. There were 1,185 deaths in 32 flash floods with an average of 37 deaths per flood; the highest mortality was associated with dams breaking after heavy rains. Mortality was greater earlier in the study period and twice as many deaths occurred in areas with inadequate warning systems. 93% of deaths were due to drowning, of which 42% were car related.
Avakyan 199956
Review of global flood events from 1997 to 1999 using Dartmouth Flood Observatory data Damage due to floods increased over time due to more development in flood-affected areas; mapping and regulation of flood hazards zones are necessary to mitigate damage. Globally Bangladesh is the most affected by floods. Number of events, victims, evacuees and damage are reported for each year.
Berz, 2000

39
Review of the impacts of major floods in the last half of the 20 th century and summary of significant floods from 1990 to 1998 from the Munich Re natural event loss database
Floods account for half of all natural disaster deaths; trend analysis suggests the frequency of and damages associated with floods have increased over time. Excluding storm surges, the three most deadly flood events from 1990 to 1998 were in India, Nepal and Bangladesh in 1998-4750 deaths, China in 1998-3656 deaths, and China in 1993-3300 deaths. Explanations for increased mortality include population growth, vulnerability of structures, construction in flood-prone areas, flood protection system failures and changes in environmental conditions.
Review of the impact of flooding in Turkey from 1970 to 1996
624 floods recorded during study period, including 83 fatal events with 539 deaths. There was an association between deaths and material losses, close to half of flood events occurred in summer months, and 37% of deaths in the Black Sea region.
Guzzetti, 200557
Review of flood and landslide related deaths, missing persons, injuries and homelessness in Italy from 1279 to 2002 50,593 people died, went missing, or were injured in 2,580 flood and landslide events and over 733,000 were displaced. Floods accounted for 38,242 deaths; fatal events were most frequent in the northern Alpine regions and mortality was highest in autumn. Floods were caused by high-intensity or prolonged rainfall, snow melt, overtopping or failure of levees, embankments, or dams, and reservoir mismanagement. Since World War II, landslide has exceeded flood mortality and is comparable to earthquake mortality.
Jonkman & Kelman, 20051
Examination of the causes and circumstances of 247 flood disaster deaths across 13 flood events in Europe and the US Two-thirds of deaths were due to drowning. Being male and engaging in high risk behavior during flood events were also linked to increased flood mortality. Findings with respect to agerelated vulnerability were inconsistent. Authors call for standardization of data collection methodologies across regions and flood types to improve policies and strategies to reduce floodrelated death. More than 1,200 flood deaths in the United States during the review period with a concentrated in a few large events. 14 major river systems were linked to flood deaths; damage can be mitigated through reforestation, construction of reservoirs and flood walls, diversion, and improved early warning and forecasting systems.
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Examination of the causes and circumstances of 247 flood disaster deaths across 13 flood events in Europe and the US Two-thirds of deaths were due to drowning. Being male and engaging in high risk behavior during flood events were also linked to increased flood mortality. Findings with respect to agerelated vulnerability were inconsistent. Authors call for standardization of data collection methodologies across regions and flood types to improve policies and strategies to reduce floodrelated death.
Jonkman, 20053
Review Primary determinants of flood-related death include: lack of warning, inability to reach shelter, building collapse, water depth, rapid rise in water level, water flow velocity, children, and elderly. Applies a new method for estimating loss of life due to floods based on flood characteristics and numbers exposed and mortality among exposed are introduced.
FitzGerald, 201050
Review of flood fatalities in Australia from 1997 to 2008
Estimated 73 flood-related deaths reported from newspapers and historic accounts from 1997 to 2008 in Australia. Most fatalities occurred in the summer months. Drowning deaths were more likely among individuals between the 10-29 and >70 years of age. No difference decline in deaths over time reported. 49% of deaths were motor-vehicle related and 27% were attributed to high risk behavior.
Results
Historical Event Review
Overall No difference decline in deaths over time reported. 49% of deaths were motor-vehicle related and 27% were attributed to high risk behavior.
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Overall (Figure 4 ). Deaths were overwhelmingly concentrated in South East Asia (SEARO), which accounted for 69% of global flood mortality, though both the Americas (AMRO) and Western Pacific (WPRO) had significant minorities of flood fatalities. The great majority of the flood affected population was in WPRO (59%) and SEARO (35%) of the global total. Overall, the human impacts of floods in Europe, Africa, and the Eastern Mediterranean regions were limited; together the regions accounted for no more than 8% of flood deaths and 4% flood affected populations, respectively. The overall impact of flooding on human populations is summarized in Table 3 .
time, their impacts on human populations in terms of mortality and affected populations varied greatly between years and were often concentrated around large-scale events (Figure 3) . Using the WHO regions the Americas (AMRO) and Western Pacific (WPRO) regions experienced the most flooding events while the fewest were reported in Europe (EURO) (Figure 4 ). Deaths were overwhelmingly concentrated in South East Asia (SEARO), which accounted for 69% of global flood mortality, though both the Americas (AMRO) and Western Pacific (WPRO) had significant minorities of flood fatalities. The great majority of the flood affected population was in WPRO (59%) and SEARO (35%) of the global total. Overall, the human impacts of floods in Europe, Africa, and the Eastern Mediterranean regions were limited; together the regions accounted for no more than 8% of flood deaths and 4% flood affected populations, respectively. The overall impact of flooding on human populations is summarized in Table 3 .
time, their impacts on human populations in terms of mortality and affected populations varied greatly between years and were often concentrated around large-scale events (Figure 3) . Using the WHO regions the Americas (AMRO) and Western Pacific (WPRO) regions experienced the most flooding events while the fewest were reported in Europe (EURO) (Figure 4 ). Deaths were overwhelmingly concentrated in South East Asia (SEARO), which accounted for 69% of global flood mortality, though both the Americas (AMRO) and Western Pacific (WPRO) had significant minorities of flood fatalities. The great majority of the flood affected population was in WPRO (59%) and SEARO (35%) of the global total. Overall, the human impacts of floods in Europe, Africa, and the Eastern Mediterranean regions were limited; together the regions accounted for no more than 8% of flood deaths and 4% flood affected populations, respectively. The overall impact of flooding on human populations is summarized in Table 3 . respectively. The distribution of the number affected was highly skewed with mean and median affected populations of 1,071,829 and 6,000 per event, respectively, which indicates that the median affected population may better reflect the impact of a typical flood event.
PLOS Currents Disasters
Mortality and Injury. When mortality data from the two sources were combined, deaths were reported in 96.8% Injuries were reported in 401 (9.8%) events, where a total of 361,974 injuries were documented. In events where injuries were reported, there was a median of 12.5 (mean=904: range 1-249,378) per flood event. To estimate the total number of injuries due to flood events, it was presumed that injuries would occur in events where deaths were reported. There were 2,673 floods with fatalities but only 401 (9.8%) with injuries reported.
When the median and mean for injuries were applied to the remaining 3,077 events, it was estimated that between 38,463 and 2,717,681 additional unreported flood related injuries may have occurred between 1980 underestimate the true impact of floods on human populations because estimates of the total affected population and the homeless population were reported in only 64.3% (n=2,632) and 14.9% (n=611) of events, respectively. The distribution of the number affected was highly skewed with mean and median affected populations of 1,071,829 and 6,000 per event, respectively, which indicates that the median affected population may better reflect the impact of a typical flood event.
Mortality and Injury. When mortality data from the two sources were combined, deaths were reported in 96.8%
(n=3,960) of floods since 1980. This figure excludes 13.9% of floods where no information on mortality was reported; if no deaths are presumed and these events are included, deaths occurred in 65.3% (n=2,673) of floods. 539,811 deaths (range: 510,941-568,680) resulting from flood events were reported. For floods where mortality was reported, there was a median of 9 (mean=135; range 0-138,000) deaths per event when using the highest reported death toll. Mortality exceeded 10,000 in only 4 events and 100,000 in two. The two deadliest events occurred in Bangladesh (138,000 deaths in 1991) and Myanmar (100,000 deaths in 2008).
Injuries were reported in 401 (9.8%) events, where a total of 361,974 injuries were documented. In events where injuries were reported, there was a median of 12.5 (mean=904: range 1-249,378) per flood event. To estimate the total number of injuries due to flood events, it was presumed that injuries would occur in events where deaths were reported. There were 2,673 floods with fatalities but only 401 (9.8%) with injuries reported.
Injuries were reported in 401 (9.8%) events, where a total of 361,974 injuries were documented. In events where injuries were reported, there was a median of 12.5 (mean=904: range 1-249,378) per flood event. To estimate the total number of injuries due to flood events, it was presumed that injuries would occur in events where deaths were reported. There were 2,673 floods with fatalities but only 401 (9.8%) with injuries reported. Table 4 . Findings suggests that the proportion of events with high mortality (>50 deaths) have Table 4 . Findings suggests that the proportion of events with high mortality (>50 deaths) have Table 4 . Findings suggests that the proportion of events with high mortality (>50 deaths) have decreased over time. Income level was also significantly associated with flood mortality, where for both low and lower-middle income countries, a greater proportion of events fell in the medium and high death categories as compared to higher income countries. Higher mortality events were concentrated in the South East Asian and Western Pacific regions. Findings from the adjusted analyses (Table 5 ) modeling the relative risk of flood related mortality show that all predictors were significantly associated with flood mortality. The relative risk of medium-and high-level mortality events compared to events with no deaths significantly decreased over time. There was also a significant decreased relative risk of mortality in excess of 50 deaths for events in higher income countries compared with lower income country events. Additionally, as magnitude of a flood increased, so did the risk of having high mortality when adjusting for all other predictors. A flood rated as high magnitude as compared to one with low magnitude was associated with an increased relative risk of having high mortality as compared to no mortality (RR=13.20, 95% CI 8.25, 22.11). Caution should be taken when interpreting such findings, however, as magnitude estimates were missing for a large proportion of events, and missing magnitude was associated with the outcome in this study. Regional differences in reported mortality were also supported by the Findings from the adjusted analyses (Table 5) Findings from the adjusted analyses (Table 5) 
Systematic Literature Review
Mortality. Fourteen of the reviewed articles reported mortality data including ten that provided information on direct or indirect causes of mortality and/or risk factors for flood-related deaths ( 
(
All studies in the United States examined mortality related to motor vehicles and found an increased risk of mortality among individuals in motor vehicles during the event, of all deaths 74% were motor vehicle related 17 , 18 , 19 , 20 . This compares to a motor vehicle related death rate of 63% in a recent review of US flood fatalities 
All studies in the United States examined mortality related to motor vehicles and found an increased risk of mortality among individuals in motor vehicles during the event, of all deaths 74% were motor vehicle related 17 , 18 , 19 , 20 . This compares to a motor vehicle related death rate of 63% in a recent review of US flood fatalities Injury and Displacement. Injury or morbidity data were reported in ten of the 18 included articles, of which nine provided information on injury type and/or risk factors 15 , 16 , 24 , 32 , 33 , 34 , 35 , 36 , 54 . The majority of flood-related injuries are minor. The two studies that captured a large number of injuries, both in the United States, found that musculoskeletal injuries were most common (46% and 34%), followed by lacerations (21% and 24%). Other flood-related injuries included abrasions and contusions, motor vehicle related injuries, and falls 33 , 34 , 54 . In less developed settings, increased incidence of snake bites and fires were also cited as causes of injury or death 2 , 36 . Among care seekers in flood-affected areas of Bangladesh 5.1% of wounds were infected. Another review suggested that the proportion of survivors requiring medical attention is less than 2% 2 . A distribution of injuries across population subgroups was reported by only one study in India which found that injuries were more common in males (67% vs. 33%), that the 11-40 year age group comprised 68% of the injured, and that those age 50 and above accounted for 18% of flood deaths 34 . Seven articles reported displacement or evacuation figures however none described risk factors associated with flood-related displacement 15 , 17 , 21 , 24 , 25 , 35 , 37 .
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Main findings
In areas with larger populations 3 . At the country level, lower GDP per capita was linked to higher mortality, which is in keeping with the established relationship between poverty and increased disaster risk 41 . Human and social vulnerabilities and inequalities, urbanization, population density, terrain and geo-physical characteristics and variation in the frequency and precipitating causes of floods by region are also factors that contribute flood risk levels 3 , 6 , 12 , 42 . Temporal changes and development trends have also contributed to changing influences of some of these factors over time 42 . Economic development increases the risk of disaster-related economic losses however improved emergency preparedness, response, and coping capacity may reduce disaster vulnerability 3 . That countries with greater resources are able to better predict and respond to impending flood events suggests that building systems and capacity to detect and respond to floods in less developed countries should be a priority 40 .
Causes of and risks for flood-related mortality and injury identified in the systematic literature review are consistent with previous reviews on the human impact of flooding From the natural hazard perspective, climate change is also likely to contribute to future increases in flooding.
Increased frequency of intense rainfall, as a result of higher temperatures and intensified convection will likely lead to a rise in extreme rainfall events, more flash floods and urban flooding due to excessive storm water.
Additionally, sea level rise and increasing storm frequency will lead to additional storm surges in coastal areas while seasonal changes, notably warmer winters, will contribute more broadly to increased precipitation and flood risk 38 . Together, changes in socioeconomic, demographic, physical terrain features and climatologic factors suggests that floods will become more frequent and have greater effects on human populations in the coming decades.
Given that flood losses are likely to increase in future years, increased attention to flood prevention and mitigation strategies is necessary. To date, early warning systems have been an effective mechanism for reducing the impact of floods 38 , however, they are not ubiquitous and should be prioritized in less developed countries with large at-risk populations and high frequencies of flooding. It is important that messaging and targeted communication strategies accompany early warnings so that the population understands the risk levels 3 , 6 , 12 , 42 . Temporal changes and development trends have also contributed to changing influences of some of these factors over time 42 . Economic development increases the risk of disaster-related economic losses however improved emergency preparedness, response, and coping capacity may reduce disaster vulnerability 3 . That countries with greater resources are able to better predict and respond to impending flood events suggests that building systems and capacity to detect and respond to floods in less developed countries should be a priority 40 .
Given that flood losses are likely to increase in future years, increased attention to flood prevention and mitigation strategies is necessary. To date, early warning systems have been an effective mechanism for reducing the impact of floods 38 , however, they are not ubiquitous and should be prioritized in less developed countries with large at-risk populations and high frequencies of flooding. It is important that messaging and targeted communication strategies accompany early warnings so that the population understands the impending risk and can respond appropriately. Many flood fatalities are associated with risk-taking behaviors, thus messages to avoid entering flood waters and to curtail risky activities in all stages of the event may be successful in reducing flood fatalities 1 . Additional, improved land use planning and regulation of development can mitigate flood impacts. Studies on the relationships between flood losses, natural hazard characteristics, and societal and demographic vulnerability factors can aid in informing and prioritizing flood prevention and mitigation strategies. Finally, comparisons of the effectiveness of different policies and mitigation strategies can inform future strategy and policy actions and ensure they are appropriate in specific contexts.
Limitations
The effects of flood events are the subject of gross approximations and aggregations that have a great deal of imprecision. The availability and quality of data has likely increased and improved over time and the use multiple data sources increased reporting. However, in many events deaths are unknown or unrecorded; for other outcomes such as injured and affected, reporting frequency is even lower which likely contributes to a substantial underestimation of the impacts of flood events on human populations. While available data is sufficient for a cursory analysis of global flood impacts and trends, improved reporting of flood outcomes, including the development of national systems capable of more accurately reporting mortality and injury would be beneficial. Regarding the measures used in this study, our multivariable model included a broad classification of income level according to the World Bank, as opposed to GDP. While we believe GDP to be a more precise measure of wealth, it was nonetheless excluded in the analysis because we did not obtain GDP estimates that were time specific to each event. Inconsistencies and errors were common in data files from different sources, and in some cases inclusion criteria were not ideal for the purposes of this review, which created a challenge in reconciling event lists. For example, the 2004 Asian tsunami was classified as a flood by
Dartmouth but not by EM-DAT; this event was ultimately removed from the data set, however, it represented the highest mortality event in the study period, which has potentially important implications for analysis.
Consistent definitions and categorization of events across sources such as that initiated by EM-DAT in 2007
would be useful for streamlining future analysis and comparing the impacts of different types of flood events.
Other principal limitations of the literature review are 1) that an in-depth quality analysis of all reviewed articles was not undertaken, and 2) the fact that only English language publications were included which likely contributed to incomplete coverage of studies published in other languages originating from low and middle income countries.
Conclusions
Interpretation of flood fatality data is challenging given the occurrence of occasional extreme events, temporal trends and the completeness and accuracy of available data. The continuing evolution of socio-demographic factors such as population growth, urbanization, land use change, and disaster warning systems and response capacities also influences trends. Between 1980 and 2009 there were an estimated 539,811 deaths (range 510,941 -568,584) and 361,974 injuries attributed to floods; a total of nearly 2.8 billion people were affected by floods during this timeframe. The primary cause of flood-related mortality was drowning. In developed countries being in a motor-vehicle at the time of a flood event and male gender were associated with increased mortality risk. Female gender may be linked to higher mortality risk in low-income countries. Both older and younger population sub-groups also face an increased mortality risk. The impact of floods on humans in terms of mortality, injury, and affected populations, presented here is a minimum estimate because information for many flood events is either unknown or unreported.
Data from the past quarter of a century suggest that floods have exacted a significant toll on the human population when compared to other natural disasters, particularly in terms of the size of affected populations.
However, human vulnerability to floods is increasing, in large part due to population growth, urbanization, land impending risk and can respond appropriately. Many flood fatalities are associated with risk-taking behaviors, thus messages to avoid entering flood waters and to curtail risky activities in all stages of the event may be successful in reducing flood fatalities 1 . Additional, improved land use planning and regulation of development can mitigate flood impacts. Studies on the relationships between flood losses, natural hazard characteristics, and societal and demographic vulnerability factors can aid in informing and prioritizing flood prevention and mitigation strategies. Finally, comparisons of the effectiveness of different policies and mitigation strategies can inform future strategy and policy actions and ensure they are appropriate in specific contexts.
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Consistent definitions and categorization of events across sources such as that initiated by EM-DAT in 2007
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